The total carotenoid concentration of the seeds of Momordica charantia rose about 100-fold from the immature to the ripe stage. The massive increase was almost exclusively attributable to lycopene, which accounted for 96% of the carotenoids of the ripe seeds. The carotenoid pattern of the seed was found to be drastically different from that of the pericarp. The seed, which contained fewer carotenoids, had a total concentration 12 times greater than that Ripe cherry tomatoes, Lycopersicon esculentum var. Cerasiforme (Dun.) A. Gray, were purchased from a local fruit market. The cherry variety was used because the seeds were easier to separate. The seeds from 900 g of fruits were separated from the pericarp and washed with water on a sieve to remove juice and residual pulp. The water was drained and the seeds were air dried on the sieve for a couple of hours. Four 30-g samples were taken and analyzed separately.
Our previous study (17) showed the variations in the carotenoid composition of Momordica charantia fruits at the immature, mature, partly ripe, and ripe stages. A number of interesting features in the carotenoid pattern were observed. One of the most notable changes was the synthesis of cryptoxanthin at the onset of ripening, making this pigment responsible for the orange color of the ripe pericarp.
In sharp contrast to the pericarp, the ripe seeds of Momordica charantia are brilliant red in color. Presently we have determined the carotenoid distribution in the seeds at different stages of de- velopment not only to account for the striking color contrast between the pericarp and seeds, but also to provide the basis for detailed studies on carotenogenesis and the control mechanisms involved.
Ripe commercial tomatoes have a characteristic red pericarp and yellowish seeds and thus represent the reverse of the Momordica charantia color pattern. Although the carotenoids of the whole tomato fruit have been the subject of numerous investigations for many years now, the seed carotenoids per se have not been given much attention. We have also analyzed the carotenoid composition of the tomato seeds as a basis of comparison. 
MATERIALS AND METHODS
Materials. The Momordica charantia seeds were taken from the fruits used in our previous research (17) . The fruits represented four stages of maturity: immature, mature-green, partly ripe, and ripe. For each maturity stage, the seeds from at least five fruits were analyzed separately.
Ripe cherry tomatoes, Lycopersicon esculentum var. Cerasiforme (Dun.) A. Gray, were purchased from a local fruit market. The cherry variety was used because the seeds were easier to separate. The seeds from 900 g of fruits were separated from the pericarp and washed with water on a sieve to remove juice and residual pulp. The water was drained and the seeds were air dried on the sieve for a couple of hours. Four 30-g samples were taken and analyzed separately.
In addition to the authentic carotenoids used for comparison in the preceding study, lycoxanthin and rubixanthin were extracted and purified from Solanum dulcamara and rose hips, respectively.
Extraction and Separation of Carotenoids. The carotenoids of the seeds of both fruits were extracted and saponified in the same manner described for the pericarp (17) . The saponified pigments from the ripe and partly ripe Momordica samples were separated initially on a column of alumina (activity grade III), using 1 (Table I) . Fractions 1, 2-a, 2-b, 3, 4-a, 4-b, 4-c and 4-d were identified, as described in our previous paper (17) , as phytofluene, ,B-carotene, D-carotene, lycopene, zeinoxanthin, cryptoxanthin, lutein, and rubixanthin, respectively. In addition to the characteristics previously discussed, fraction 4-d was also shown to co-chromatograph with rubixanthin (3-hydroxy-y-carotene) isolated from rose hips on the silica gel sheets, developed with either 3% methanol in benzene or 20% ethyl acetate in methylene chloride. Iodine catalyzed isomerization shifted the maxima to shorter wavelengths, confirming that the pigment was not gazaniaxanthin, the cis isomer of rubixanthin. Rubixanthin was identified by Goodwin (3) as a pigment characteristic of rose hips and its structure was ascertained by Brown and Weedon (2) A comparison of the results obtained in this and our previous study (17) reveals dramatic differences both in the qualitative and quantitative carotenoid composition of the seeds and pericarp of Momordica charantia (Table II) . The ripe pericarp has a more complex carotenoid composition than the seeds. Fifteen carotenoids were found in the pericarp as compared to only nine in the seeds. Phytofluene, fl-carotene, c-carotene, zeinoxanthin, cryptoxanthin, lutein, lycopene, and rubixanthin were detected in both the pericarp and the seeds. a-Carotene, flavochrome, 5,6-monoepoxy-fl-carotene, mutatochrome, 6-carotene, y-carotene, and zeaxanthin were found exclusively in the pericarp whereas lycoxanthin was isolated only from the seeds.
In spite of the wider variety of the pigments in the pericarp, the total carotenoid concentration of the seed surpassed that of the pericarp by a factor of about 12 at the ripe stage. The carotenoid accumulation at the later stages was therefore much more rapid in the seed than in the pericarp. At the immature stage, the pericarp had twice as much total carotenoid content than the seed.
Whereas the pericarp derived its orange color from cryptoxanthin, the intense red color of the seed was attributable to the massive amounts of lycopene deposited in the seed coat. The concentration of the other carotenoids was far too small to contribute to the seed color. Lycopene was also found in the pericarp but at barely detectable amounts. Surprisingly, cryptoxanthin appeared first in the seed (mature-green stage) where it never reached substantial levels.
Other less notable differences were observed. The fl-carotene level in the seed declined during ripening in contrast to the upward fl-carotene trend in the ripening pericarp. The disappearance of lutein in the pericarp as ripening progressed was not seen in the seed where lutein maintained an almost constant low level throughout development. Rubixanthin, which was detected only in trace amounts in the ripe and partly ripe pericarp, was found in measurable concentrations in the ripe and partly ripe seeds. Lycopene started to accumulate in the seed at the mature-green stage, before the synthesis of cryptoxanthin in the pericarp, which took place at the onset of ripening. Consequently, the appearance of the red color in the seed preceded the development ofthe orange color in the pericarp. The seed not only reached a much higher maximum concentration, but also started to accelerate carotenoid production earlier in the development process. This came as a surprise since the seeds are enclosed by the pericarp and are thus shielded from sunlight which is known to stimulate carotenoid synthesis. It is commonly observed, for example, that the peel of fruits is more highly pigmented than the pulp.
Carotenoid Composition of Tomato Seeds. In the tomato, the difference in pigment composition between seeds and pericarp was not as striking as in the case of Momordica charantia. The contrast was consistent with the observation that the pericarp and the seeds are morphologically more distinct in the Momordica than in the tomato. Qualitatively, the tomato seeds contained essentially the same carotenoids reported for the tomato fruit. However, the carotenoid concentration was much lower; the lycopene content was extremely low (Table IL) . Commercial tomato varieties contain 70 to 120 MAg of lycopene/g of fresh fruit (7, 14) . The 8.2 Ag/g concentration obtained for the seeds fell far below this range. The fl-carotene content (12.9 ug/g seed), on the other hand, was comparatively high. In Rutgers tomato, where the lycopene concentration was found to be 69 ,ug/g fresh fruit, fl-carotene was only 4 ,Ag/g (7). Summer sunrise tomato, which contains 526 MAg of lycopene/g of dry wt of fruit, has only 50 ug of f-carotene/g of dry wt of fruit (15) . The light color (17) for comparison. The pericarp also contained traces of flavochrome, mutatochrome, 5,6-monoepoxy-,B-carotene and 6-carotene. 3 Each value is the mean of four samples. 4 Identity of the xanthophylls was not determined.
(yellow) of the tomato seeds as compared to the red pericarp can then be attributed to two factors: (a) low total carotenoid concentration, and (b) very low lycopene content. It is obvious from our results that the carotenoid pattern of the seeds and pericarp of Momordica charantia and tomato are entirely different. Whereas the Momordica seeds surpass the pericarp in total carotenoid concentration and contain abundant amount of the acyclic lycopene, the tomato seeds have a much lower total carotenoid and lycopene concentration than the pericarp.
The presence of the early precursor phytofluene in both pericarp and seeds of Momordica, in addition to the diversity of the corresponding carotenoids, suggests that independent biosynthetic pathways may operate in different structures within the same organ. No conclusion can be drawn, however, until the problem is studied at the enzymic level.
Although there were some disparities in the responses reported, studies on leaves, seedlings, and cotyledons showed some indications of sunlight-stimulated synthesis of cyclic carotenoids (5, 6, 8, 16, 19) . Conversely, red blush grapefruits placed under reduced light ("shade") consistently had slightly higher lycopene concentrations than those exposed to sunlight (12, 13) . Temperature has also been found to affect fruit carotenogenesis. In tomatoes ripened above 30 C, lycopene synthesis was drastically inhibited whereas ,8-carotene synthesis was unaffected (4, 18) . In red blush grapefruit, the optimum temperature for lycopene production was about 32 to 35 C (12, 13). It is apparent, however, that the effect of sunlight and temperature cannot account for the large disparity of lycopene and cryptoxanthin distribution between the seeds and pericarp of Momordica, and is certainly not compatible with the data on the tomato seeds in which the reverse situation is found, with the acylic lycopene being concentrated in the pericarp.
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